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Part  I 


the  polarographic  nethod  of  analytis  was  developed  Bom 
twenty-fiya  yeara  aeo  "by  Profataor  Jaroalav  Hayroraky'    5?!^  method 
is  "basad  on  corraBt-Toltaga  currea  o'btained  vhen  electro-radiici'bla 
or  alactr©-oadditaT)la  suljataacaa  are  alactrolyaad  in  a  call  oontaiA- 
iag  a  dropping  inercary  eleetro&a.   Frtm  tha  diaraetariatiea  of  tha 
curr«ttt-TOlta€«  earra  "both  the  kind  and  concentration  of  tha  electro- 
radoei'bla  or  alaetro-ozidisa"ble  substanea  nay  "be  daterminad. 

flia  instroBent  called  the  polarograph  wa«  invented  "by  HeyroT- 
aiy  aad  Shikata^^  in  1925,    Thia  instrcment  autonatically  ohtalna 
end  raeorda  photogr^plsdeally  the  eorrent-Toltage  eorra*   Tha  photo- 
grapliad  eorres  are  caUad  polarograM. 

In  tha  field  of  inorganic  analysis,  tha  polarographic  nethod 
has  "baan  ^pliad  to  praetleally  all  eoaeon  metal  He  ions  and  radtiei'bla 
anions.    This  method  is  partieolarly  adapted  to  trace  deterainatlons. 
eonseqaantly,  the  method  is  hecoaing  very  valtuahle  in  organic  chaada-> 
try  and  especially  in  the  related  fields  of  hiocheaistry  and  "biology* 

The  paat  few  years  hare  setti  a  great  adTaneefiient  in  the  field 
of  organic  polarograxdsy.    The  aoat  recent  derelopnents  have  involred  re- 
intexpretation  of  previous  vork,  stxucture  determination,  reaction  aech- 
anisa  and  kinetics,  and  qioaatitatlTe  astisatioa  of  c<MBpoRiBds. 
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A  large  variety  of  oreanie  eoapoimds  pro4ac«  vell-d«f  iiwd 
polarographic  vave».    Typ««  of  coxapowndi  uhldi  h«re  "b««a  invest igated 
at  the  dropping  mercaiy  electrode  include  aldrtiydee ,  feetonee ,  tmsatttr- 

ated  acids  and  hydrocar'bons ,  heterocyclic  coapowuds,  organic  halidM» 

21 

azo  and  diaso  cenQKmnds. 

The  disulfide  llnkaee  is  apparently  the  oaly  sxafor  groupiag 
lAd^  aay  "be  reduced  at  the  dropping  nercnry  electrode. ^'f'  The  re- 
duction occurs  not  only  niiea  the  disulfide  groncq?  is  attached  to  alkyl 
groapi, 

^t  also  vhen  attached  to  the  thlocarhooyl  grp-nps  sudh,  as 

•  S 

This  redaction  »ay  "be  that  of  «ie  dithiocarhaaic  acid,  since  Prosfce^^ 
reports  the  piperidine  salt  of  peatauethyl  dithioearhamlc  aciA, 

S  B 

I^TM  a  reduction  ware. 

Allicia,  CgHj^QOSg,  is  reducihle®  and  ntust  "be  of  the  disulfide 
linkage,  since  Stone^  r^orts  that  stdf oxides  are  not  redacil)le, 

Praser  and  coworfcers^^  found  that  the  thiol  grmiping  gires 
anoAie  'vsnn  and  produces  catalytic  hydrogen  vseres  if  present  on 
the  alpha  carton  of  an  acid  or  the  heta  earhon  of  an  aaino  acid. 
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According  to  Q«rT>er,^  ethyl  and  noxmeX  Inxtyl  nercaptaas 
give  two  anodic  ware*  in  ethaaol  solutions.    The  second  ware  is  aot 
z^rodueihle. 

Xolthoff  aad  Banan?"^  hare  made  extensive  studies  of  the 
CTsteine , 

and  eyetine, 

B>OC—  S~.  S—  CE~  CH2—  COOB, 

I  ^  I 

system.    Cysteine  can  "be  oxidized  to  cystine  hy  anodic  electrolysis 
at  a  platiBoa  eleetrods.    The  ^laxogn^c  we  ohtained  "by  the  anodie 
oxidation  of  cysteine  did  not  correspond  to  the  oxidation  to  cystine, 
tat  to  the  reversible  reaction  vhich  does  not  occnr  at  the  platimai 
Biicro~electrode : 

ESK   +   Hg   -J^  +   H*   +  e 

The  interpretation  of  the  cathodic  waves  of  cystine  is  quite 
involved.    Kolthoff  «Bi  Barmm  obtained  a  pronotmced  aaslasaB  in  a  one- 
thevaaadth  molar  solution  of  cystine  in  tenth  noxaal  hydrod^orie  acid. 
TbM  BaziBni  was  siQ>preseed  by  the  addition  of  ca^illary-aetive  eab» 
stances.    The  effect  of  these  substances  is  very  peculiar  in  that, 
in  addition  to  suppressing  the  TTiaxiwam,  it  shifts  the  polarographio 
vwre  to  more  negative  potentials.    The  influence  of  varying  concentra- 
tions of  ctD^pbor  is  remarkable ,  as  the  wave  is  displaced  to  a  aore  nega>- 


tlve  potential  "by  almost  one  volt  in  a  solution  saturated  vith  cai^bor. 

to  es^lain  the  shift  of  the  cystine  ware  to  more  negative  pe- 
tentials,  Kolthoff  and  BanuB  postulated  that  the  eyetiae  has  to  "bm 
oriented  or  adsorlbod  into  a  favoralile  position  at  the  surface  of  the 
mercuxy  to  "be  reduced,    i^parently,  capillary-act  ire  substances  coimter- 
act  or  prevent  the  orientation  or  adeorptioa  of  the  cystine  at  the 
interface  and  thus  displace  the  wave  to  a  Eiore  negative  potential. 

This  Interpretation  is  sTibstantiated  "by  the  electrocaplllary 
"behsrior  of  the  caniphor.    The  electrocaplllary  carves  of  tenth  noxoal 
hydrochloric  acid  and  the  same  laedituB  saturated  witti  caacphor  converge 
«t  i^roxiaately  the  saoe  potential  as  the  half-warre  potential  of 
cystine  in  the  saturated  camphor-hydroeihloric  acid  mixture.    At  lower 
potentials,  the  mercury  drop  preferentially  adsorhs  the  cancphor.  At 
the  point  of  (wnvergence  of  the  electrocaplllary  curves  the  canphor 
is  desorhod,  and  the  capacity  of  the  electrical  double  layer  c-iangoo 
aarla»dly. 

Heyrovsljy  and  Bahicka^^  discovered  a  polarographic  effect  of 
proteins  in  an  aumoniua  l^droxide-8jim<miuai  chloride  "buffer.    The  v«rt 
obtained  vas  not  due  to  the  redaction  of  the  protein  hut  to  the  evo- 
lution of  hydrogen  catalyzed  by  the  presence  of  the  protein  at  the 
cathode  interface.    Analytical  use  has  been  laado  of  this  effect  for 
the  polarographic  estimation  of  proteins.    Brldto?  continued  the  study 
of  the  protein  effect  and  found  that  in  ammoaiacial  solutions  coa- 
taiaing  di-  or  tri-  valent  cobalt  salts,  sulfur-containing  proteins 
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prodac»a  donMe  catalytic  vscnn.    The  height  of  the  ware*  increased 
tfiiA  the  eonceatratioa  of  the  protein,  Inxt  no  linear  relationship 
VM  fooad. 

Bridfca^  also  favst&  cysteine  and  cystine  to  prodnce  prowmnced 
•ingle  catalytic  waves  in  an  aranonia  hoffer  containing  cohaltons  or 
nickeloas  ions,  T>at  not  in  a  hoffer  containing  the  trlralent  ions. 
Bridkaf*"  attrilates  the  catalytic  cysteine  ware  to  the  fact  that  the 
eysteiae  fonts  a  complex  vith  divalsot  cohalt  or  nickel.    In  these 
coBipleaDes  there  is  a  co-ordination  "bond  "between  the  cohalt  or  nicloBl 
end  the  stJ^hydryl  gxoap.    This  eo-ordinatioo  "bond  weakens  or  acti- 
Tates  the  hond  hetveen  the  sulfur  and  the  hydrogm  of  the  solfhydzyl 
group,  tbtts  facilitating  the  deposition  of  hy3.rog«m  at  the  droppiJig 
electrode. 

These  catalytic  wares  are  not  specific  for  cysteine  and 
cystine  hut  may  he  applied  to  other  coorpounds  containing  solfhgrlryl 
or  distLlfide  grofi^e.   7or  ezaiqple,  e^tesl  glycine  and  thioglyeollie 
acid  glTe  catalytic  wares  in  the  presence  of  dirslent  eo"balt.5 


After  boiling  in  concentrated  sjanonia,  mustard  gas  i^^fh' 
dieihlorosttlf  ide)  »ay  he  detected  polarogrs^hically  hy  its  catalytic 
Mre  in  the  presence  of  either  cohaltous  or  efiihaltic  salts,^ 

Satorl  and  Libert!^  hare  investigated  the  cathodic  cutd  anodic 
"beharior  of  rrercaptohenzothiosol  at  t>»e  dropping  mercury  electrode. 
The  cathodic  waeras  were  ascertained  to  be  catalytic  hydrogem  wsnrM. 
The  anodic  behcrior  did  not  correspond  to  the  oxidation  of  a  diinilfide. 


"bat  to  the  f  ornation  of  a  nercurotts  mercaptaa.    I*  aajT  r«eall«d 

the  anodle  "brtiaYior  of  cysteine  did  not  correspond  to  the  oxida^ 
tion  of  cjTSteJaB  to  cystine.^^ 

Daaielll^  and  coworkers  inreetlgated  rarioiia  thiols  in  aa 
attempt  to  confirm  the  structvo*  of  BAL-OTJEAY  (2-3  diaercaptopropanol 
glucoelde)  V  the  detection  of  a  1-2  dlthiol  grerxpine.    Several  repre- 
tentative  thiols  were  exsainad  polaregiuphleally  in  an  sjanottim  hy- 
drozide-afloonitai  chloride  "buffer  containing  co"balt<m«  diloride. 
Alpha  mercapto  acids  shoved  thiol  peaks,  whereas  "beta  oereapto  acids 
showed  onl7  a  sli^t  inflection  at  the  saaa  x>otentlal  with  no  charaetezw 
istic  thiol  peaks.    Some  indication  of  aa  inflection  was  oMained  with 
thioethylene  glycol.    In  the  al>8enee  of  a  carboayl  groop  the  polaro- 
graphic  iataetioa  of  thiols  is  not  possl'ble. 

The  dlmeresptols  of  acetoayl  acetone,  CH3COCH2O22COCH3,  are 
ralatirtiij  new  cfoapmaidt  of  the  general  f onooXa 

1  ft 

I  t 

•  • 

!  I 

t  S 
I  I 
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where  1—  Is  tisnally  a  nomal  flltyl  grofop.    Posner     ohtalned  the 

•thgl  darlratlTa.   Kietx  and  coworkers^ *^  prepared  the  hoaologons 

series ,  methyl  throoeh  nor«al  dodecyl ,  la  the  University  of  Horida 

laboratories,    fhe  preparation  of  these  coi^pounds  was  Iqr  the  Inter- 
actloia  of  the  nomal  aereaptaa  with  acetoafl  aeatona. 
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9b»  original  patpose  of  this  researdl  was  the  lirrMtigatioA 
of  the  reactioM  of  these  diaercaptols  at  the  droppiag  aerctury  el«etroa«. 
Bb  reduction  of  theso  coapofunis  vas  apparent  at  the  dropping  mercary 
cathode.    However,  «hen  exaained  at  the  dropping  cathod«  in  the 
presence  of  ozygen,  a  reaaifeahle  shift  of  the  first  oxygen  wave  to 
More  negative  potentials  vas  noted.    This  phenoaeitoa  Is  tumsoal  sine* 
oxygen  noraally  is  easily  redoced. 

Heyrovsky^  has  shown  that  oaj^Bn  dissolved  in  solutions  of 
electrolytes  is  easily  rectuced  at  the  dropping  electrode  and  prodxuMMl 
two  polarographic  waves.    Since  oxygen  is  present  at  a  concentjration 

k, 

of  approxiaatelj  2.5  z  10     solar  ia  dilute  aqsiAOtiM  solutions ,  its 
polarographic  hehavior  is  of  treaendotts  practical  ii^rtance. 


tlTcly  lay  polarograjibic  methods  in  a^pieoas  solutions,    fhe  first 
reduction  wactre,  tQxm  viiieh  the  influence  of  hytirogsn  ion  concentration 
is  vexy  saall,  in  acid  oedia  is  due  to  the  reaction 


has  further  shown  that  oxygen  Bay  he  detenained  qoantita^ 


02  4-2Sf*'<f2e 
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or  in  ftltoiUne  oedia  is  due  to 


t 

The  second  wanre  correspoade  to  the  reduction  of  hydrogen  peroxld* 
Sm  aeld  solution » 

H2O2  +   2H*+2e-2  H2«, 
•r  in  alkaline  solution, 

EjOg   +  2e  -  2  OH'  . 

A  well-proiumnced  mariHttua,  easily  suppressed  l)y  capillary- 

13  26  27 ,3Z 

•etlre  sulwitancee,  characterizes  the  first  wave.    •    •  '•-^ 

Titek?^  detemined  the  ratio  of  the  solubility  of  oxygen 
in  eih^ol,  MtlUBOX  azttl  vater.    The  ratio  of  soluhilities  is  20.5. 
28.2  and  2.3,  respectirely.   As  a  consequence,  a  greater  diffasion 
corrent  is  obtained  in  the  ethasol  and  the  nethsaol  inedia. 

Eolthoff  and  Millei^  hare  shotm  the  potential  at  itoich 
the  first  oiygen  wave  starts  to  be  |«raotically  Indepwident  of  pH  of 
the  solutiMt.    This  potential  varies  somevhat  vith  tha  nature  and 
concentrations  of  anions  present.    In^il'u.te  aqaeous  solutions  of 
snlfuric  acid,  nitric  or  hydroehlorie  acid  and  in  acetate  buffers, 
the  first  ware  starts  at  0.15  ▼ol*  when  eoiapared  to  the  saturated 
ealwel  electrode.    In  dilute  sodina  hydroxide,  the  first  vara 
•tarts  at  0  Tolt.    Kolthoff  and  Miller  report  the  half-ware  poten- 
tial of  the  first  oxygen  ware  to  be  practically  constant  at  -0.05 
▼olt  when  coispared  to  the  saturated  ealonel  electrode  in  ordinary 
Iboffer  solutions  between  pH  values  1  and  10  but  is  shifted  to  -  0.10 

to  -  0.15  volt  in  biphthalate  buffer* , 

The  reduction  wave  of  hydrogen  peroxide  is  quite  flat  with  a 
reported  half-wsre  potential  of  ^0,^  volt  In  boffer  solutions  trm 


f 

20 

iB  2  to  10  in  a  supporting  electrolyte  of  0.1  5  potassicm  ciiloride. 

Bridka  and  Tropp7  hare  found  the  hydrogMi  peroxide  vsre  to 
•tart  at  a  laore  positive  potential  in  the  presence  of  traeee  of  heroo- 
^^Lobin  and  hetKitia.    Xnereasiag  eoneentratioas  of  h^Bwlysed  "blood 
particlee  in  an  air-sattirated  sodina  chloride  solution  caxise  the  hy- 
drogen peroxide  vsre  to  a^^proaeh  and  finally  to  coincide  with  the 
first  redaction  vore  of  oagnBHU 

Generally,  it  is  necessary  to  reaore  oxygen  from  a  solution 
la  practical  polarograpidc  vork.    lEhis  is  usually  accouiplished  "fay 
IniSbliag  the  solmtion  to  he  electroljrzed  viXh  tank  nitrogen  or  hydro- 
gen.   In  nefutral  or  alkaline  solutions ,  osygen  wy  he  reaored  l>y 
treatoent  with  sodtoB  hlsnlf  ite. 

In  viev  of  the  tasastud  effect  of  the  disercaptols  tzpoa  the 
polarographic  reduction  of  oxygen »  the  ezp&riaental  vork  described 
in  this  dissertation  is  a  study  of  the  shift  of  the  half-vaere  poteiv- 
tial  of  the  first  reduction  ware  of  oog^en  caused  hy  the  presence  of 
the  diaeroaptols. 
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A  Sargent-HeyroTflky  Model  HI  photographically  reeordljse 
polarograph  was  Ti»«d  in  this  work.    The  wlrlae  diaeraa  for  this 
instraaent  is  show  in  Tigars  1.    Th©  instrosae&t  has  a  constant 
SPmA  aotor  irtxich  driTes  the  "bridge  and  caaera.   This  slanltaneoas- 
ly  rotates  the  eamra  to  produce  a  roltage  ahsciss*  and  a  current 
ordinate  aaai  iaposes  an  increasing  fraction  of  the  roltage  afrplied 
across  the  "bridge  to  the  electrolytic  cell,  the  rate  of  increase 
helag  proportional  to  the  rotation  of  the  eaasira* 

All  potential  aeasurawnts  were  aade  with  a  Cray  "Kitiewi* 
potentioaeter  connected  in  parallel  with  the  electrolytic  cell. 
Thb  petentioaeter  MaM  stwdaxdised  against  a  Weston  Standard  Cell 
for  eaedi  potential  Beasaresent. 

fto  aereaxy  need  as  the  dropping  cathode  and  for  the  anode 
pool  was  porif ied  "by  passage  in  a  fine  stre»  thxtni^  colxoans  contain^ 
ins  dilute  nitric  acid,  dilute  sulfnrio  acid  and  water,  respectively. 
A  final  purlficati<m  was  effected  "by  distillation  under  a  reduced 
pressure  of  approziaatsly  two  sdlliaeters. 

The  proper  drop  rate  for  aost  polarographlc  work  is  the  most 
rapid  which  will  give  reprodoei'ble  diffoalon  currents.    If  the  drop 
tiae  is  too  slow,  difficulties  in  the  construction  method  for  eralu- 
atloa  of  the  half-vscre  potential  are  encountered.    The  anraluatioa  of 
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Figure  1. 

Wiring  diagram.  Sargent  Model  XII  Polarograph. 
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half. ware  potential  i«  discussed  later.    A  dtop  ti»e  of  X.5  seconds 
per  drop  was  usad  for  recording  the  polarograas.    A  eapillazy  of 
three  iaehas  in  lei^h  vrith  a  tore  of  0.05  oillineter  vas  satisfactory. 

A  slowr  darop  tflat  was  used  in  o"btainlng  the  data  for  the  •lee- 
trocapillaiy  ctares  in  order  to  ohtain  a  larger  differenee  in  dr^ 
tlM  at  Taryiag  potentials,    for  this  phs^e  of  the  vork  a  capillary 
three  incdkes  in  length  with  a  Tx»r«  of  O.03  adllineter,  hsrlng  a  drop 
tiM  of  4.0  seconds  per  irop,  vas  used.    Fiasl  ad^staent  of  the 
Amp  tiat  vas  regalated  "by  the  h«l^t  of  the  meromry  resenroir. 

The  eoBtpounds  studiad  vere  supplied  throu^  the  eourtasy 
of  Dr.  S*  ^»  Biets,  of  this  DepartMnt,  from  anot}ier  research  pro. 
jeet.^*^  All  coqpooDBds  vere  oMained  in  tha  pore  state  vith  the 
exception  of  the  normal  propyl  and  nonaal  hexyl  dlaereaptols.  These 
vara  satuxatad  vith  ethanol  and  puzlfied  hy  lieating  orar  a  staaa  \mf^ 
tmder  reduced  pressure ,  aa  auggasted  "by  Br.  Bietx. 

Unfortunately,  the  dioereaptols  are  not  sufficiently  soluDla 
ia  vatar  for  a  study  of  their  effect  in  a<iueoas  inedim.   The  lovav 
hflOBologoes  are  sufficiently  soluUe  in  methanol  and  ethanol,  and  all 
ushers  are  extresMly  soluble  in  ehlorofom.    The  effect  of  thasa 
eoiiQ>oands  on  the  half-vare  potential  of  oxygen  vas  stodlad  in  tha 
solvents  methanol  and  ethaaol.    Chlorofon  vas  used  as  the  solvent 
for  tha  higher  heasologues. 

In  the  methanol  series  a  1 : 1  nixtura  of  siethanol-^orof  om 
vaa  negployed  for  the  haptyl  dimerc^tol,  and  <3ilorofoni  alone  vas  used 
for  tha  oetyl,  noayl,  and  daeyl  oesibars.    In  the  ethanol  series  tha 
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•etljjl  throagh  octyl  how)loga»«  were  sufficiently  aoluTjl*  in  ethaaol* 
Aa  ethaaol-chlorof o»  nlxtura  was  used  for  the  nonyl,  and  chlorof om 
vas  u»«d  for  preparing  etaadaxd  solutions  of  the  decyl,  tmdecyl  and 
dodecyl  raenT)ers,   The  stodjr  of  the  undecyl  and  dodeeyl  cMrporads  is 
ethanol  said  of  the  de«jl  diaercaptol  in  laethaaol  were  incoaplete  doe 
to  solubility  limitations  when  added  to  the  support ing  eleetrolyte. 

The  addition  of  chlorof  ota  to  the  eupportlne  electrolyte  had. 
BO  effect  t^on  the  half«vaYe  potential  of  the  first  oxygn  wOT*, 
altlicni^  dilorofoxB  is  redueihle  at  the  dropping  mreory  cathode  at 
a  reported  half-ware  potential  of  - 1,70  volts  c«ii5>ared  to  the  satar- 
atod  ealoael  electrode.^ 

Absolute  ethanol  as  so^lied  to  the  Bepartaent  of  Chealstry 
hjr  Carbide  and  Carb<»i  was  fouM  to  he  of  sufficient  purity.  The 
■eflMMl  eiiployed  was  TSiaBV  and  Ajo&aA.  Beagent  Grade.    The  chlorof  on 
ma  froB  General  Cheaical^Beagent  Grade.    These  solYents  were  used 
without  farther  ijorification  since  they  shoved  no  isporities  upoB 
polarogrs^pble  inrestigatioB. 

LithivB  diloride  was  ehosoi  as  the  sm)portiag  eleetrolyte 
because  of  its  solubili^  in  the  solvents  en^loyed  and  because  of 
the  eleetropositivity  of  the  lithitni  iea.   TTbb  lithitm  chloride  vae 
aiudytieal  grade  and  was  dried  ovemi^t  at  120^C.  before  use.  All 
etaaiazd  solutions  were  preynvai  in  "HbrBax"  voluaetric  flasks. 
■Uonaax*  pipettes  were  used  for  all  dilutions. 

The  type  of  Aectrolysis  cell  used  for  this  work  was  of 
secondary  iisportance. 


All  reported  half-W8T«  potential*  axe  *«f  erred  to  the  aatur- 
ated  calomel  electrode.    The  method  chosen  for  thi«  reference  la 
purely  arbitraxy  since,  at  present,  there  is  no  knova  correlation  of 
▼oltale  cells  in  aqaeous  and  non-aqueous  s3rst«Hi«   Honwrer,  this  ref- 
erenoa  corresponds  to  polarograpMe  data  as  reported  la  the  literature, 

1  saturated  ealonel  cell  vas  constructed  in  the  wn&L  naaner  asA 
supplied  with  aa  agar  "bridga  prepared  from  a  suspension  of  agar  and 
saturated  potassioai  chloride  to  reduce  jtmction  potentials.    It  shotdd 
"be  stated  that  the  Tarlfttlons  oht^laed  with  this  cell  prored  to  Iw 
well  within  the  liait  of  error  of  i  0,02  volt  accepted  for  half-wara 
potentials. 

A  standardised  procedure  vas  used  for  the  preparation  of 
solutions  for  eleetrolsrsls.    A  0.1  M  solution  of  lithitoi  dhlorlda 
in  the  proper  solvent  vas  used  as  a  m^pportlag  elaetrolyta.  The 
concentrations  of  the  diaereaptols  were  varied  froa  appiroxlaately 

2  X  10"^  |[  to  1  z  10"^  M.    These  were  prepared  from  stock  solutions 
of  the  di]&eres$>tols  in  idiich  concentrations  ranged  hetveea 

and  1.3  X  10"^  Jt. 

The  typical  procedure  for  ohtatning  a  polarogrsa  vati  0.05 
milliliters  of  1  X  10     M  nethgrl  diaereaptol  in  aeUiaaol  vas  added 
to  10.0  silllllters  of  0.1  K  lithitoi  chloride  in  methanol  in  the 
•leetrolysis  cell  with  a  resulting  concentration  of  the  laethgrl  diaeru 
oaptol  of  5  X  10-5  K.    The  solution  vas  laixed  well  "by  stirring  for 
c^roxiJk3,tel7  one  mimte.    The  droipiag  electrode  vas  Introduced, 


15 

the  Intitisl  voltage  read  fron  the  potentloneter.  the  polarogM* 
recorded,  and  the  final  voltage  was  alee  read  froa  the  potentioaeter. 
(The  dropping  electrod*  was  reaoved,  and  the  Mitarated  calomel  elec- 
trode vaa  introduced  into  the  solution  and  the  anode  correction  read 
fr<m  the  potentiometer. 

All  pole.rograJBs  which  i.-ere  takwa  of  the  first  oxygen  W 
vere  rerun  one  or  more  times  and  were  found  to  he  entirely  reprodncihle. 
fhe  second  wave  was  not  reproducihle  for  varying  concentrations  of  the 
diaereaptols  and  therefore  was  not  stndied. 

All  polarogTf^s  were  ohtained  at  rooa  teaperatur* ,  approxi- 
mately 30»C.  For  most  practical,  polarographic  work  the  tcnperature 
coefficient  of  the  half-wwre  potential  may  he  neglett»d. 

A  typical  polarograa  of  the  first  or^en  ware  in  eithar 
solvent  is  show  in  Figure  2.    This  figure  will  he  used  to  illus- 
trate the  method  of  evalnating  the  half-wave  potential  Igr  a  co»- 
straction  nethod.    A  hase,  or  reference  line,  ajfe,,  is  draan  parallel 
to  the  "base  of  the  polar«^raphic  print.    Perpendicular  lines  are 
dropped  froa  Bj^  and  Bg*         initial  and  the  final  voltages  as  read 
from  the  potentiometer,  to  the  hase  line  ak»  Tangents  ^  jmd  ef  are 
draiA  to  the  residual  and  diffusion  current  llaes,  respectively.  The 
pejrpendicular,  gi,  is  raised  froa  ^  so  that  the  distance      is  equal 
to  hj..        construction  in  this  Banner,    the  distances      and  £ 
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Cons  true  tip!)  inethod  of  evaluating  half  wave 
potential. 
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war  "be  related  to  the  half-wwre  potential,  Bj^  ,  l»y  the  relation 

vfum  4  is  the  aaiode  csorrectioa  referriag  the  half-i«re  potential 
to  the  saturated  aalwiel  electrode  in  reduction  potentials, 

A  difficulty  which  is  encountered  in  the  construction  nethod 
of  eetijsatlng  the  half-wre  in  the  presence  of  the  higher  honologaes 
of  the  diaercaptols  is  evidenced  in  Figures  3  and  4.    fhese  figores 
are  tracings  of  polarogrssis  ohtained  of  the  first  ojjngen  ware  in 
the  presence  of  1  x  ICT^  M  solutions  of  the  Tarious  diaercaptols  tm 
sethaaol  and  ethanol  respectively.    As  illustrated  hy  these  polaro- 
gram,  the  first  and  seeoal  oaqrgea  vaves  ^roa^  aaoh  other  so 
closely  as  the  size  of  the  disercaptol  raolecule  Increases  that  the 
al>ove--descri1>ed  construction  method  for  estiaatSag  the  half-vsr* 
potential  heeoaes  don'btfol. 

To  overcoae  this  diff lenity,  it  was  decided  to  evaluate  all 
halfovave  potentials  froB  the  diffusion  carrent  of  the  first  ozycM 
wave  in  the  supporting  electrolyte  alone.   The  proetdare  devel<9«l 
was  to  deteraine  the  diffnsion  current,  which  corresponds  to  the 
distance  4&  in  Tigon  2  and  lAdch  is  do*  to  the  oxygen  dissolved 
in  the  solution  of  siqiporting  electrolyte  for  each  series  of  de- 
teraioatiens .    Then  the  distance        which  is  one-half  the  distance 
^  and  is  proportional  to  the  dif fosioa  current ,  Is  erected  perpeiu 
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diealar  to  the  "base  line  aj^  froa  the  line  ^  taagent  to  the  redaetioa 
vave.    It  follovB  that  the  relatloxialilp  giren  abore  loay  he  used  to 
calerolate  the  half^vaere  pot«itial  froa  the  dietances  2  and 

Balf-WEcre  potentials  for  Tarioxis  concentrations  of  solutions 
containing  the  dlaercaptols  were  found  to  he  constant  within  t0.02 

TOlt, 

Electrocsqpillaiy  curves  were  determined  for  ▼arioms  solttlons. 
She  proe«dare  was  to  loeasore  the  drop  time  at  various  applied  poten- 
tials. 


Part  IIZ 


Biseusszos  MD  lamavBJksios  at  hasx 

The  dimereaptols  vere  sulsijeeted  to  eathodle  elaetrolysis 
at  the  dropping  nercuiy  electrode.    Careful  exaainatioB  la  hoth 
■etfaanol  and  ethanol  solution*  up  to  applied  potentials  of  approxl- 
aately  <-  2.i^  reltt  showed  no  redaction  wacre  in  the  a'bseaoe  of  037- 
gen.    As  mentioned  prerlously,  the  disulfide  linkage  is  apparently 
the  only  sulfur  grotq>ing  which  laay  he  redxieed  at  the  dropping 
atreoxy  eleetrode,^^ 

The  half-ware  potential  of  the  first  reduction  wave  of  oiygen 
was  found  to  !»•  -0,36  roll  t  o.Ol  rolt  in  a  0.1  jg^  solution  of  lithitoi 
ciaoride  in  nethanol.    In  0.1  M  lithiu*  chloride  in  ethanol,  the  corres- 
ponding half-ware  potential  was  found  to  he  -  O.'O  volt  ±0.01  volt. 
Bmmm  half-WBve  potentials  are  in  reference  to  the  saturated  calOMl 
electrode  and  vere  detenained  as  descrihed  in  the  previous  section. 
MditioB  of  chlorofoxm  had  no  effect  upon  the  half -wave  potential 
in  either  zaediua. 

These  half -wave  xootentials  differ  from  the  value  of  -  0.05 
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volt  reported  "by  Kolthoff  and  Mill«r  for  i»st  aiiueous  solutionB. 
fhese  differences  nay  he  attrilmted  to  a  change  in  overrroltage  due 
to  the  change  in  solvent.    It  is  interesting  to  note  that  the  value 
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of  th«  half-ware  potential  'becomes  nore  negatir©  a*  the  dielectric 
constant  of  the  solvent  decreases.  Ta3>le  I  la  a  comparison  of  the 
dielectric  constant  taA  half -ware  potential  fir  the  different  solvents. 

IISXJ  I 


Cosparlson  of  Half-Ware  Potential  of  Tirst  Oagrgen  Seduction  Ware 
as  Coapsred  to  the  Dielectric  Constant  of  the  Solrwit 


Solvent 

Dielectric 
Constant^" 

Half-Ware 
Potential 

Vater 

82.6 

-  0.05  rolt 

Hitiiaaol 

33.8 

-  0.36  rolt 

ISthanol 

26^5 

-  0.if3  rolX 

The  data  obtained  for  the  rarloTU  diaercaptols  are  "best  shoim 
graphically,    yigures  5  throtigji  13  show  the  relation  of  the  half-ware 
potential  of  the  first  ojygen  ware  to  the  concentrition  of  the  diaer- 
captol  present  in  methanol  solutions.    The  concentrations  are  expressed 
In  millimoles  per  liter.    Fieuares  I5  throrx^  26  show  effects  of  rarytag 
concentrations  of  the  diaereaptols  tg>on  tiie  half-ware  potential  in 
•thaitol  solutions.    As  stated  prerlonsly,  solnhllity  llaltations  pire- 
rented  a  study  of  the  effect  of  decyl,  nndecyl  and  dodecyi  nercaptols 
in  stethaaol  and  of  the  unde^l  axid  dodecyi  eoiopoands  in  ethaaol. 

Plgnros  1^  and  27  are  coarposite  plots  of  the  nethanol  and 
ethanol  series  respectively  in  the  concentration  range  of  approxlaate- 
ly  0.1  to  1.0  sUllaoles  dioercaptol  per  liter  and  show  the  effect  of 
Increasing  the  colecolar  size  tipon  the  half-ware  potential.  Coneentra- 
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tioM  of  less  than  0.1  ailliaole  per  liter  are  not  shoKft  in  these 
figoret  since  it  is  oTwioue  that  they  will  extrapolate  to  a  coataon 
Tela*. 

Significant  data  from  these  graph*  are  shovn  in  TaWee  II 
and  IT.    Tahle  II  gires  the  half-ware  potential  of  the  first  oiygen 
were  for  the  various  dlaerce^Jtols  at  conc^itr.itions  of  1  x  kH*, 
5  X  ICr*.  nnd  1  X  10-3  Jl  In  methanol.    Table  IT  gives  the  oxjgfo. 
half-ware  potential  at  the  saxae  diaercaptol  concentrations  in  ethanol. 

TaJil««  HI  and  T  illustrate  the  magnitude  of  the  shift  of 
the  oxygen  half-wsore  potential  due  to  the  presence  of  the  ahore  cott- 
emtrations  of  dinereeptolt. 

It  is  evident  that  the  concentration  and  the  nolecolar  size 
ef  the  dlaercaptols  are  the  controlling  factors  of  the  shift  in  half- 
vave  potential.    Prom  these  resrjate.  It  aay  te  inferred  that  the  pres- 
ence of  the  dl»erc£^tol»  has  a  pronounced  effect  Tipon  the  oxygen  over- 
voltage.    Oxygen  is  extremely  electrophylic  as  evidwiced  hy  its 
•taadaid  redxiction  potential  of  0.682  volt^  for  the  o3ygen-hydroe«a 
peroxide  couple.    In  view  of  this  potential,  the  effect  is  even  more 

Polarogrspbic  ov«rvoltage  aay  he  defined  as  the  difference 
iMrtnsesn  the  standard  electrode  potential  as  coBiE>ared  to  the  saturated 
calonel  electrode  and  the  half-wave  potential  eoapared  to  the  saaa 
reference  for  a  specific  reduction  half -react  ion. 


TAW.E  XI 

Effect  of  Diaercaptols  on  the  Half-VaTe  Potential  of  Orygfin  in  Hethaaol 


Ralf>Vkr«  Potential 


1  X  lOr*  M 

5  X  10-*  M 

1  X  10-3  M 

-0.38 

-0.39 

-0.41 

-0.39 

-0.*3 

-0.45 

-o.^^3 

-0.49 

-0.53 

Butyl 

-0.^7 

-0.55 

-0.60 

-0.56 

-o.6^^ 

-0.67 

Eexjl 

-0.61 

-0.69 

-0.7*> 

Heptyl 

-0.68 

-0.75 

-0.79 

Octyl 

-0.69 

-0.75 

-0.79 

Hoxqrl 

-0.75 

•  •  • 

... 

fmx  III 


Shjft  of  the  Half-Ware  Potential  of  Ozj^en  due  to  Presence  of 
Simerca^tola  in  Methanol 


Siaereaptol 
Present 

Shift 

—  "  -r — —  

in  Ralf-Vare  Potential 

1  X  10^  Jl 

5  X  10^  M 

1  X  10-3  11 

Methyl 

-0,02 

-0.03 

-  0.05 

Sthyl 

-0.03 

-0.07 

-0.09 

Propyl 

-0.07 

-0,13 

-  0.17 

Butyl 

-0.11 

-0.19 

-0.24 

-0.20 

-0.28 

-0.31 

-0.25 

-0,33 

-0,38 

Heptyl 

-0.32 

-0.39 

-0.43 

Octyl 

-0.33 

-0.39 

-0.43 

Hoayl 

-0.39 

•  •  • 

•  •  * 

TABL2  IT 

S£f»et  of  Di«ercapto3Ji  on  the  Half-Ware  Potential  of 
(y^fQsn  in  Sthanol 


Diaercaptol 
Present 


Half-Wave  Potential 


1  X  10"*  a 

5  X  10-*  a 

1  X  10-5  E 

-o.iMf 

-0.46 

-0.48 

-O.Mi- 

-0.i»6 

-0.47 

-0.i«4 

-0,49 

-0.55 

-0.^7 

-  0.53 

-0.57 

-0.49 

-0.56 

-0.58 

-0.57 

-0.6^ 

-0.68 

-0.62 

-0.71 

-0.75 

-0.66 

-0.73 

-o.7*> 

-0.67 

-0.7* 

-0.79 

-0.73 

-0.77 

-0.^ 

-0.73 

... 

•  •  • 

•  •  • 

... 

•  •  • 

Kethjrl 
Propyl 


HezTl 

le^t^ 
Oetyl 

le«9l 

Seegl 

TTndeeyl 
Dodecyl 


Shift  of  the  Half-Ware  Potential  of  Ozygen  due  to  Presence  of 

Siaercaptols  in  Sthaaol 


X>i»ereaptol 
Present 

Shift  in  Half-Ware  Potential 

1 X 10^  a 

5  X  10-^  M 

1  X  Xo-3  g 

Methgrl 

-0.01 

-0.03 

-0.05 

-O.Ol 

-  0.03 

-0.04 

Propyl 

-0.01 

-o.o6 

-0.12 

Batyl 

-0.04 

-0.10 

-0.14 

HVl 

-0.06 

-0.13 

-0.15 

Hezyl 

-  0.14 

-0.21 

-0.25 

Heptyl 

-0.19 

-0.28 

-0.32 

Octyl 

-0.23 

-0.30 

-0.31 

noayl 

-0.24 

-0.31 

-0.36 

De^ 

-0.30 

-o.3i^ 

-0.35 

Undecyl 

-0.30 

•  •  • 

•  •  • 

Dodecyl 

»■»•• 

•  •  • 

Applylne  the  lernst  ecpiation  to  the  half-reaetlon, 
Og  +  2  S*"  ♦  2t  -•H2O2  ,   iPss  0.682  volt,  the  follovlne  eqaatloa 
is  o'btal&ed: 

1  =     -  ^  m  (1) 

Introducing  the  appropriate  constant*,  coinrertlng  froB  natural  losariOw 
and  aiffooidag  that  concentrations  may  "be  suhstitated  for  activitiec. 

Applying  thle  eqization  to  the  polarographie  wcv» 

^  =  o.««  -  l^l  x.«  ^  .  (3) 

i^re      ie  the  half-irave  potential  and  i;^  is  the  polarographic  orer- 


►  ,  these  potentials  referring  to  the  hydrogen  electrode.  Since 
aest  polarographic  data  aire  referred  to  the  saturated  caloBjel  electrode, 
It  is  necessary  to  introdoee  this  potential  infeo  efaati<m  (3).  fhe 
standard  reduction  potential  of  the  saturated  ealonel  electrode  is 
0,2f*6  Tolt,^^  in  reference  to  the  hydrogen  electrode,    She  efftatioa 
nov  hecostee 

0.059  OE9O9 
0,1^6  log  -^2  ♦ly.  {fy) 

By  the  construction  method  for  eralmtion  of  the  half-ware 
potential,  the  concentration  of  oxygen  is  equaal  to  the  concentratioB 
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hydrogttti  peroxide  fozned  at  the  electrode  surfaee.  Then, 

1^  «  0.1^3^  ■¥   0.059  log  Cg+  +  «y .  (5) 

Kolthoff  ani  Miller^  hare  reported  the  half-vare  potential 
of  the  f  Int  osyeen  reduction  ware  to  he  constant  at  «  0.05  ▼olt  am 
referred  to  the  saturated  ealooel  electrode  in  the  a^oeooe  taffer 
region  1  to  10,  an  exception  heing  in  hiphthalate  hoffere. 

Introdaeing  thit  ralue  of  the  half-vare  potential  into 
equation  (5)  and  solving  for  , 

1^  =~  O.'vSl  -  0.059  log  %  K) 
1,  =  -  o.m  «!>  0.059  pi  (f) 

for  a  pH  (rf  1 

=  —  0.422  volt 

at  1^3 

1^  a     o.30'^  Tolt 

and  at  pH  5 

«^  =  -  0.186  volt. 
Trom  these  calculations,  it  is  seen  that  the  ovenroltage  of 
the  oxTgen-hjrdrogen  peroxide  cookie  is  dependent  tipon  the  pH  of  the 
Bolution. 

Standard  electrode  potentials  are  not  available  in  non- 
aqjieoxuB  media  or  it  would  he  possihle  to  perfozn  siailar  calculations 
for  the  nedla  used.    It  nay  he  assumed  that  the  polarographic  hehArior 
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of  osgrgea  la  ncthaaol  and  ethaaol  ndth  respect  to  pK  is  of  the 
MBM  wiealtade  as  ia  aqueous  solutioas. 

Olasstoae     lists  oxygen  "TnibTjle"  oveiroltages  at  raxitram 
electrodes  for  ooraal  solforie  acid  aad  potassitm  hydroxide. 
tens  "Ijubt^^"  orerToltage  is  the  ainiana  overvoltage  required  to 
release  the  oxygen  gas  hy  electrolysis  of  the  solutioa.    The  valuee 
listed  vary  frooi  O.O6  volt  for  the  aiekisl  electrode  to  0.53  volt  for 
gold.    No  value  is  girea  for  the  mereory  electrode. 

That  the  natax«  of  the  solvent  has  an  effect  tipoa  orerroltage 
is  indicated  ty  the  Tarious  yalues  of  the  half-nvre  potential  of  the 
first  oxygen  vare  in  vrater,  methaaol  and  ethaaol. 

All  prenrious  treatments  of  orenroltage  hare  "bevn  lixiited  to 
the  effect  of  the  three  factors  discussed  above:    the  nature  of  the 
electrode;  the  solvent j  aad,  to  a  lesser  extent,  a  solute  •trtiich  is 
aot  involved  ia  the  electrode  process. 

However,  the  tremendous  effect  of  the  dinercaptols  oa  the 
overvoltage  of  the  oxygen-hydrogen  peroxide  couple  necessitates  the 
postolatioa  of  another  factor  involvtag  orervoltsiges* 

A  correlation  of  the  eleetrocapillary  hehavior  of  the  diner- 
captols  and  their  effect  -opoa  the  reduetloa  of  exygm  is  believed  to 
«Kf  er      explaaatioa  of  the  pheaosMaoB* 

Aa  eleetroeapillazy  curve  relates  the  poteatial  of  oereory 
and  the  surface  tension  at  a  mercury  electrode-solution  interface. 
She  surface  tension  or  drop  tise  is  dependent  Txpon  the  potential  of 
the  s»reury  and  the  presence  of  capillary-active  suhstanees  ia  the 


•olutioa.    The  Burfaeo  tension  of  cathodically  polarized  nercai7 
fint  inereasea  aM  tiien  decreajses  with  an  increasing  ntgatlre 
potential  so  that  a  noraal  electrocapillary  curre  has  a  paraholle 
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The  total  surface  tension  is  dae  to  two  effects."  First, 
attnMttlve  van  der  Waal  forces  on  the  surface  atoat  or  molecules 
tend  to  contract  the  surface  area.    Secondly,  sa  electrical  contrl- 
hation  to  the  surface  energy  due  to  repulsive  coulonibic  forcei 
hetween  fixed  surface  charges  tends  to  increase  the  surface  axM 
asid  eooBteraet  the  van  der  Vaal  forces.    The  net  Interfacial  tetu- 
sion  is  decreased  as  a  result  of  this  electrical  force.    The  change 
la  surface  tension  according  to  the  electrocapillary  curre  In  the 
absence  of  capillary-active  substances  is  due  entirely  to  the  change 
In  magnitude  and  sign  of  electrical  forces  vith  changing  applied 
potential.    When  the  aj^lied  potential  is  zero ,  the  mercury  has  a 
positive  charge  which  decreases  the  surface  tension  at  the  interface, 
Thii  positive  diarge  is  decreased  t^r  cathodic  polarization  of  the 
Bereury,  and  the  enrfaee  tension  increases  until  a  *"TiiWffi  is  reached. 
At  tMs  point,  the  electrocaplllr.ry  Eiajdiman  or  the  isoelectric  point, 
the  nercoxy  is  uncharged.    Increasing  eathodle  potential  decre&Mt 
the  surface  tension  vatll  the  streaaiag  potential  is  reached. 

Most  inorgsnic  and  organic  anions  and  organic  co:^>ousds  are 
eapillary-aetlve.    Such  substances  lower  the  interfacial  teasltm 
ae  a  result  of  adsorption  upon  the  mercury  surface.    The  presence  of 
organic  capillary-active  coapounds  ney  have  different  effects  upon 


28 

%i»  shap*  of  the  el«ctrocaplllary  earr;    Tb»  gesMral  •has>«  «f  th« 
caxr0  nay  not  b«  altered,  the  oaly  effect  being  the  loveriag  of  the 
sorfaee  texuloa.    yrequently  the  preseaee  of  eapillaxy-aeti-v-e  substaB^- 
eee  flatteia  the  tipper  portion  of  the  eurre.    If  the  adsorTwd  substance 
Is  a  dipele  it  may  he  adsorbed  with  the  negative  side  on  the  nercury, 
nwnltli^  ia  a  shift  of  the  eleetroeapillary  iwi-riww  to  a  w>re  negatiT* 
potential.    On  the  other  hand,  if  the  dipole  is  adsorbed  with  the  posi- 
tlTe  side  adjoining  the  oereazy  the  eurve  is  shifted  to  a  aore  poaitiT* 
potential. 

All  eleetroeapillary  curves  of  surfaee-aetive  substances  eolndde 
vith  the  nozsal  curve  at  sure  or  less  aeeative  potentials.    This  indi- 
cates that  the  capillary-active  substancM  are  dMorlNid  at  sudli  potentials. 

Electroc^illary  curves  of  the  supporting  electrolytes  and  of 
^  taae  solutioiu  containing  diaereaptols  v«r«  obtained.    Th»  noz«il 
eleetroes^illazy  curve  of  0.1  [|  lithita  dHoride  in  methanol  is  shoim 
in  coajttttction  with  the  curve  of  the  saaw  Mdita  that  is  1  x  10"^  ^ 
with  respect  to  the  hezyl  disiereaptol  In  Tigan  28.    f  igore  29  Owm 
the  eleetroeapillary  curves  of  a  0.1  K  solution  of  lithiua  chloride 
in  ethanol  and  the  oetyl  disere^tol  in  the  mm  oedioa.    Figure  30 
is  the  eleetroeapillary  curve  of  0.1  g,  lithiWB  chloride  in  roethanol 
with  one  adlliliter  of  chlorofom  added  to  ten  Bdlliliters  of  the 
methanol  solution.    Ihe  graph  shove  that  chlorofon  bae  soae  effect 
upon  the  normal  curve  In  that  the  drop  time  is  increased  slightly. 
The  hejyl  and  octyl  dimerc^tole  were  chosen  for  Figures  29  and  30  for 
the  reason  that  they  are  the  highest  hoaologoes  which  could  be  studied 
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in  each  of  the  alcohols  without  the  aid  of  ehlorofozn. 

AS  shom  la  7lgares  28  aad  29,  the  presence  of  the  diaereaptols 
causes  the  eleetroeaplllary  curve  to  becoioe  very  flat  ialtially,  indl- 
eatiag  a  eoastaat  interfaclal  tension  "betveen  the  aercaacy  drop  and  the 
solution.    The  fact  that  the  drop  tlae  "begins  to  decrease  at  approsl- 
aSfteXy  -0.8  volt  is  worthy  of  note  since  -0.79  ▼ol*  apparently  Is  the* 
liaitiag  valua  of  the  oxygen  half-vave  potential  under  these  condltloBf, 

The  electrocapillary  curves  of  the  solutions  containing  the 
diaercaptols  eoanrerge  at  - 1.4  volt  with  the  normal  curve  of  the  mpport- 
ing  electrolyte.    At  this  point  the  dimerc^tol  is  prol>ahly  desor1>ed 
froa  the  laercory  drop. 

It  is  not  to  he  inferred  that  all  •aplllaiy-aetive  suhstaaeM 
affect  the  polarographic  reduction  of  03iygen.    The  first  reduction  w«r« 
of  oxygen  has  a  naxiawn  in  aqiaeous  solutions  which  does  not  appnx  tm 
•ither  aethanol  or  ethaaol  solutions,    fhis  oaxiaui  is  easily  stqipross- 
od  ly  addition  of  eigjlllaiy-active  suhstancos  such  as  nethjKL  rod,  0ila^ 
tin,  and  allcaloids^3,26,27,32  ^ch  have  no  effect  vcpon  the  half-imro 
potential.    Thoreforo,  the  shift  in  overvoltage  is  not  duo  to  the 
Molecular  woi^t  since  the  molecular  wei^t  of  the  noraal  dodo^l 
diaere^tol  is  wsall—  832.2—  ao  eoqoarod  to  the  enormms  aolecular 
¥ei^t  of  gelatin  aad  allcaloids.    yurtherBoro,  surface  activity  a« 
norstelly  encountered  has  little  effect  when  one  considers  the  fact 
that  eelntia  produces  no  chango  in  the  half-«8V«  potential. 

Mny  inorganic  anions  such  as  chloride,  hronido,  iodide, 
•nlfido  and  thiocyanato  are  capillajy-activo.    Cations  of  sukstitntod 
•BBonlua  salts  have  "been  successftilly  applied  to  the  elimination  of 
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pelarogra^ie  aaadaa  vith  no  noticeable  effect  vpon  the  halfowanm 
potential  of  the  redticlble  suhetance."^ 

Za  vlev  of  the  electrocaplllary  Tiehavlor  of  the  di«Breis>tolt, 
It  mtj  T>«  said  that  their  extraordinary  surface  activity  is  a  pecnlia* 
properly  of  these  i  iim>iiinfli     That  the  Interfaeial  tension  at  the  drop- 
ping electrode-solution  interface  is  constant  up  to  fi5>proxi«>etely  the 
same  potential  as  that  o'bserved  for  the  linitine  lialf-wre  potential 
indicates  these  coBpooMs  to  he  strongly  adsorbed  upon  the  aercury  sur- 
face.   When  the  interfaeial  teoaion  "begins  to  decrease  it  se«ns  prohahle 
that  desorptloa  of  the  drop  begins  and  that  at  this  point  the  oxygen 
Boleeale  stay  diffase  to  the  electrode.   This  is  tantaaount  to  sayioe 
that  the  diaercaptol  is  oeeltided  upon  the  i^^ercury  drop  prevent ing 
diffusioa  of  oxygen  to  the  electrode  over  a  certain  potential  range. 

The  wnriwai  shift  in  overroltage  it»e  fooad  to  he  -0.43  volt. 
From  the  relationship 

Ar»-n?a 

the  free  energy  reqioired  for  the  shift  in  half-vacre  potential  nay  he 
calculated.    For  the  rwxIaiiaB  shift,  the  calculated  additional  free 
energy  change  is  I9.8  Idloealories. 

It  nust  he  eonclnded  that  there  is  an  additional  effect  on 
overvoltage  other  than  that  caused  1^  the  natuxre  of  the  electrode, 
the  solvent  and  the  solute.    This  is  caused      a  particular  property 
of  certain  capillary-active  suhetanoes. 
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Anyl         Hexyl        Heptyl  Octyl 
Figure  3. 

Polarograms  of  the  first  oxygen  wave  in  the  presence  of 
10      M  dlmercaptols  in  methanol. 
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Methyl    Ethyl      Propyl      Butyl  Amyl 


Hexyl        Heptyl        Octyl        Nonyl  Decyl 
Figure  4. 

Polarograms  of  the  first  oxygen  wave  in  the  presence  of 
lO'-^  M  dimercaptols  in  ethanol. 
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Figure  5.    Metliyl  dimerc&ptol  in  MeOH. 
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Figure  6.     Fthyl  dimercaptol  in  MeOH. 
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ure  7.  Propyl  dimercaptol  In  MeOH. 
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Figure  8.    Butyl  dimercaptol  in  MeOH. 
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Figure  9.  Anyl  dimercaptol  in  MeOH. 
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Figure  10.    Hexyl  dimercaptol  in  MeOH. 
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Figure  1?.    Octyl  dimercaptol  in  MeOH. 
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Figure  13.    Nonyl  cimercaptol  in  MeOH. 
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Figure  14.  Dimercaptols  in  methanol. 
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Fi  ui  e  15.     ^ethj'l  cini<-roc  ptol  in  FTOH 
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Figure  16.     Fthyl  cimercaptol  in  FTOH 
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Figure  17.     Propyl  c i'.nercsijtol  in  FTOH 
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Figure-  16.     Butyl  dirQerca^jtol  in  FTOH 
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Figure  19.     /rayl  diraerccptol  in  FT "H 
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Figure  ''0.     Hexyl  dirnprcaptol  in  '  TOH 
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Figure  ?1.    Hei^tyl  c imerc&ptol  in  JITOH 
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Figure  22.    Octyl  dimercaptol  in  ETOH 
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FiPTure  r5.    Undecyl    diaieiccptol  in  ^TDH 
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Figure  26.     Dodecyl  ciiaercaptol  in  FTOH 
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Figure  ?7.    rimercaptols  in  Ethanol. 

 <  ^  X   Methyl   Hexyl 

 Ethyl   Heptyl 

 Propyl   •   Octyl 

 Butyl     .   Nonyl 

  Amyl   recyl 


k6 

1  1  — r 


A 


I  L_  I  I  I  I 

<^'*o  cso  ''•^o  /.60 

Figure  ?8.     A.  Electrocapillary  curve,  0.1  M  LiCl 
In  MeOH.  ~ 

B.  Electrocapillary  curve,  1x10"^  M  Hexyl 
in  0.1  M  LiCl.  ~ 


Part  IT 


SUMKAST 

effect  of  the  hoaologoue  series  of  the  normal  dlBere«ip-> 
toll,  Bethyl  thrwJgh  dodecyl,  of  acetonyl  acetone  on  polarogr^Mc 
osTsen  overvoltagee  hare  "been  studied  within  solubility  llaitatloae 
in  methanol  and  In  el^iaxral  solutions. 

It  has  heen  found  that  both  the  concentration  and  the  size 
of  the  dlaereaptol  Boleeule  affect  the  half.vwre  potential  of  the 
first  red\ietlon  ware  of  oiygen.    The  half-vare  potential  Is  shifted 
to  store  negatl-re  potentials  to  a  Halting  half-ware  potential  of 
-  0.79  Tolt. 

This  shift  in  half -ware  potential  is  attrlTrated  to  the 
eleetrocaplllary  hehavlor  of  the  diaereaptols  and  is  a  eontrihatloa 
to  the  theories  of  overvoltage* 
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